To describe clinical presentation and epidemiology of US infants with congenital rubella syndrome (CRS) and to identify missed opportunities for maternal vaccination, data from CRS cases reported to the National Congenital Rubella Syndrome Registry (NCRSR) from 1985 through 1996 were analyzed. Missed opportunities for maternal vaccination were defined as missed postpartum, premarital, and occupational opportunities, that is, times when rubella vaccination is recommended but was not given. From 1985 through 1996, 122 CRS cases were reported to the NCRSR. The most frequent CRS-related defect was congenital heart disease. Of the reported infants with CRS, 44% were Hispanic. Of 121 known missed opportunities for rubella vaccination among 94 mothers of infants with indigenous CRS, 98 (81%) were missed postpartum opportunities. CRS continues to occur in the United States. Hispanic infants have an increased risk of CRS. Missed opportunities for postpartum rubella vaccination were identified for 52% of indigenous CRS cases.
Rubella virus infection in adults and children usually causes
Notifiable Disease Surveillance System and the National Congenital Rubella Syndrome Registry (NCRSR). a mild and self-limited illness with few complications. However, the devastating consequences of rubella were recognized From 1969 to 1982, there was a 10-fold reduction in the average annual number of reported CRS cases. However, since in 1941 when the virus was identified as a teratogen [1] . Rubella, especially during the first trimester, can cause miscarriage 1982, the rate of decline in the number of CRS cases reported per year has slowed. A stable, low number of CRS cases is or congenital rubella syndrome (CRS), which is characterized by a pattern of congenital anomalies, including nerve deafness, reported annually. Because the US Public Health Service has established a goal to eliminate indigenous CRS cases in the cataracts, cardiac abnormalities, and mental retardation. Late effects of CRS include diabetes, thyroid disease, and progresUnited States by the year 2000 [5] , we reviewed the clinical presentation of recent CRS cases and the demographic characsive rubella panencephalitis [2] . More than 20,000 children were born with CRS during the last major epidemic of rubella teristics of women at increased risk of delivering an infant with CRS and identified the rubella vaccination strategies that could in the United States in 1965 -1966 [3] . In 1982 dollars, the lifetime cost of caring for a child with CRS was estimated to have prevented the recently reported CRS cases. be ú$220,000 [4] .
CRS can be prevented by routine rubella vaccination of Methods children and all nonpregnant women of childbearing age who lack rubella immunity and is one of the few preventable birth We analyzed data from CRS cases reported from 1985 through defect syndromes. The first rubella vaccine was licensed for 1996 to the NCRSR, a passive surveillance system. Since its initiation in 1969, the NCRSR has been maintained at the National use in the United States in 1969. Wide use of vaccine has Immunization Program, CDC, and receives reports of US-born reduced the incidence of rubella and CRS by ú99% from preinfants with CRS from state and local health departments. Cases vaccine era levels. In 1995, only 128 rubella cases and 6 cases are classified by year of birth, rather than the year the case was of CRS were reported by state health departments to the US reported.
Centers for Disease Control and Prevention (CDC)'s National
In the NCRSR, a confirmed case of CRS is defined as a child with congenital anomalies compatible with CRS and laboratory evidence of rubella virus infection documented in the first year of 637 JID 1998; 178 (September) Congenital Rubella Syndrome
The NCRSR collects clinical and demographic data about in- osus (P Å .03), hepatomegaly (P Å .02), thrombocytopenia
Self-reported rubella vaccination history is obtained, but the date of vaccination, age at vaccination, and the rubella vaccine (P Å .004), and purpura (P õ .001).
strain administered are not collected. Vaccination history is not
The median age of the mothers of an infant with CRS was confirmed by provider verification or medical record review.
indigenous CRS. Of these, 17 (33%) stated that they had been vaccinated for rubella.
Sixty-nine (83%) of 83 mothers of infants with indigenous Results CRS for whom occupation was reported were not employed outside of the home. Only 3 (4%) women worked in occupaFrom 1985 through 1996, 106 (87%) confirmed CRS cases and 16 (13%) probable CRS cases were reported to the NCRSR.
tions for which the ACIP has recommended rubella vaccination [7] . In addition, 1 16-year-old mother of an infant with CRS A mean of 10 infants with confirmed or probable rubella were born per year (range, 0 -34; figure 1) .
was a student in a state that required rubella vaccination for / 9d50$$se49 08-03-98 13:16:37 jinfas UC: J Infect students in kindergarten through grade 12. This also represents Thirty (32%) of 94 mothers had 1 missed opportunity and 28 (30%) had ú1 missed opportunity. A total of 121 known a missed opportunity for vaccination.
Among mothers of indigenous cases for whom the duration missed opportunities for rubella vaccination were identified among 94 mothers of infants with indigenous CRS. Of these, of marriage was reported, 45% had been married ú1 year at the time they delivered the infant with CRS. Seventy-seven 98 (81%) were missed postpartum opportunities, 19 (16%) were missed premarital opportunities, and 4 (3%) were missed (87%) of 89 mothers of infants with indigenous CRS for whom information was obtained reported receiving prenatal care.
workplace opportunities. Forty-six (52%) of 87 mothers of infants with indigenous CRS with completed information reported having one or more previDiscussion ous live-born children (table 3) .
Since a safe and effective rubella vaccine was licensed in the United States nearly 30 years ago, the number of CRS Table 1 . Clinical characteristics of CRS cases reported to National cases has declined by ú99%. However, elimination of indigeCongenital Rubella Syndrome Registry, United States, 1985 -1996 (n Å 122). include promoting better rubella control outside of the United States and decreasing the number of rubella-susceptible persons in the United States. nous CRS has remained elusive. Sporadic CRS cases continue to be reported in the United States each year. This is likely
We evaluated three strategies recommended by the ACIP to prevent rubella transmission and CRS cases: vaccination of due to lack of vaccination, since 62% of mothers of infants with CRS had at least one identified missed opportunity for employees, premarital screening, and prenatal screening and postpartum vaccination. Outbreaks of rubella have been rerubella vaccination. From 1985 to 1996, Hispanic women had an increased risk of delivering an infant with CRS.
ported in health care settings in which transmission to susceptible staff [24 -26] or patients has been documented [27 -30] . This case series found a lower frequency of late clinical manifestations of CRS, such as hearing loss, and a higher
In addition, transmission has been described in offices, banks, prisons, and other occupational settings [19, 31] . Therefore, frequency of early clinical manifestations, such as cataracts and heart disease, than were previously reported by studies that ACIP has recommended rubella vaccination for employees of medical facilities (including volunteers, trainees, nurses, and conducted active case finding [13, 14] . This spectrum of clinical findings may be explained by underreporting to the NCRSR physicians), as well as persons employed in day care centers, schools, colleges, prisons, companies, government offices, and of cases diagnosed after the neonatal period. Early diagnosis of CRS is important because many infants with CRS may industrial sites [7] . However, from 1985 through 1996, only 3 mothers of reported CRS cases were employed in any of the benefit from early intervention to lessen the impact of the disabilities associated with CRS. In addition, infants with CRS above-listed occupations (1 nurse, 1 nurse's aide, and 1 child care provider). Of those with reported occupation, the majority can shed rubella virus for up to a year or more [15, 16] and, consequently, remain capable of transmitting rubella.
(83%) of mothers of infants with CRS were not employed outside of the home, so implementation of vaccination proAlthough an average of 10 CRS cases were reported per year from 1985 to 1996, compared with an average of 26 CRS cases grams at the work site would not have reached these rubellasusceptible women. reported per year between 1970 and 1985 [17] , it is unlikely that this decrease in the average number of reported CRS cases Mandatory premarital rubella screening with follow-up vaccination is a second strategy to identify rubella-susceptible is due to decreased sensitivity of the surveillance system. On the contrary, as estimated by use of a capture-recapture techwomen of childbearing age. More than half (55%) of the mothers of infants with indigenous CRS were married õ1 year nique, the completeness of reporting to the NCRSR increased from 22% for the period from 1970 through 1979, and 28% for before the birth of the infant with CRS. However, premarital rubella screening with follow-up vaccination of susceptible 1980-1985 [18] , to 46% for the years 1985-1991 (CDC, 1992, unpublished data). The decrease in the average annual number women could have prevented as many as 45% of the reported indigenous CRS cases from 1985 to 1996. The success of state of CRS cases is likely due to the decreasing number of rubella cases per year [19] . However, the availability of legal abortions premarital rubella screening programs in vaccinating rubellasusceptible women has been mixed, because screening has not in the United States from 1970 to 1990 [20] also may have contributed to the decline in CRS.
always been followed by vaccination of susceptible women [32 -34] . Consequently, many susceptible women, even when From 1979 to 1985, the proportion of CRS cases born to Hispanic women (18%) was higher than the proportion of Hisidentified, remain unvaccinated. Currently, only six states require rubella susceptibility premarital screening [35] . None repanics in the population (7%) [17] . We found that from 1985 through 1996, the proportion of infants with CRS born to Hisquire subsequent vaccination of the identified rubella-susceptible women. In addition, targeting women for premarital testing panic women increased even further, to 44%. It is unknown how many Hispanic women in this series were immigrants.
with vaccination of susceptible women misses the increasing number of unmarried women who give birth [36] . However, studies from the United Kingdom reported an in-/ 9d50$$se49 08-03-98 13:16:37 jinfas UC: J Infect
